The purpose of this paper is to evaluate the existing research financing model in Latvia and its efficiency with respect to the quality of research activities. In this study the main quantitative and qualitative factors which may contribute to raise the efficiency level of public spending across research institutions are reviewed. The findings illustrate the necessary to increase the share of the quality criteria considering the level of funding in the research-financing model and to change the evaluation of the institutions' research performance.
Introduction
Latvian research and development (R&D) system is in need of modernization in order to create a knowledgebased economy in Latvia. According to the Europe 2020 strategy Latvia has developed the National Reform Program as part of the growth strategy and has established the purpose to increase an overall level of investment in R&D, as well as to raise the share of R&D funded by business. The improvement of public spending efficiency in research institutions has prioritised. Latvian state research institutions, including state higher education institutions, receive a basic annual research grant from the Ministry of Education and Science (MoES), competitive research grants, R&D funds from individual ministries, and European Union and private funds. The state research institutions can use basic research grant for salary and related social costs of the scientific personnel, the maintenance of research institutions (maintenance of buildings and equipment, payment of public utility services, salary and related social costs of administrative, technical and maintenance staff), and development of state research institutions towards their own strategies and goals.
In Latvian R&D system the basic research grant has been driven using a formula-based approach in which the input and output indicators are included. It constitutes approximately 36% of the total government budget appropriations on R&D (GBAORD). Basic research grant enables long-term research; hence the scientific personnel can be engaged in long-term research. However, the main issue is to demonstrate the basic research grant efficiency and relevance according to the inputs and outputs of the research institutions. Therefore, the purpose of this paper is to evaluate the existing research financing model in Latvia and its efficiency with respect to the quality of research activities.
Formula-based model analysis of the basic research grant
The basic research grant is set to be as a lump sum to the research institutions and it has been analysed using data within last three years. In total, the basic 2010-2012 research grant was constant and equals to 7 939 628 LVL per year. It has accordingly been distributed among 48 research institutions in 2010-2011 and 43 research institutions in the 2012, depending on their research performance results. It is important to note that due to the financial crisis GBAORD was reduced by 50% in 2009 and in the following three years did not increase.
The basic research grant of research institutions is defined by MoES through the research performance input and output indicators per scientific personnel in full time equivalent (FTE), i.e. number of research projects (E 1 ), research publications (E 2 ), number of international and Latvian patents and licenses (E 3 ), master degree and Ph.D. theses (E 4 ) depending on the institution research field. It is important to note that the MoES has used 12-point grading scale for institution's research performance qualitative evaluation, where 12 equals to the high level research performance institution. For that reason MoES assigns a maximum of 3 points for each E 1 , E 2 , E 3 , E 4 output indicator evaluation and, therefore, the maximum value of the total sum of institution's research performance E is equivalent to 12 points.
The casual relationship between the output indicators E 1 , E 2 , E 3 , E 4 and institution's research performance E is evaluated using Spearman's correlations. As shown in Table 1 , the following factors have strong positive effect on the institution's research performance: a number of research projects, research publications, international and Latvian patents and licenses. Meanwhile, there are no high correlations between the output indicators E 1 , E 2 , E 3 and E 4 which may be explained by the nature of factors, i.e. patents, licences and research publications are competing with each other. The analysis of the following factors has let evaluate the significance of the effect to the basic research grant (BRG) of research institutions, i.e. number of scientific personnel (SS), institution's research field (RF) in natural and related (engineering, technological, health, environment, agriculture and forest science) or social and human science, year (t) and institution's research performance evaluation (E). Since the distributions of the variables BRG and SS are skewed, the log-transformation is used to approximate the model assumptions empirically.
General Linear Model (GLM) with two qualitative and two quantitative factors, as well as all the factors' interaction effects, has been evaluated. As a result, non-significant interaction effects have not been included in the model. In Table 2 the tests of between-subjects effects for the variable Ln (BRG) depending on four factors and two factors interaction effects are shown, using SPSS software. Thus, preferred model specification presents the estimated three year results, where scientific personnel is significantly positively related to the basic research grant (p<0.001) and there is significant interaction effect in natural and related science research field (p<0.01). The time dummies are jointly significant (p<0.001) which indicates that there is time trend in individual basic research grant among different research institutions despite the fact that total basic research grant is constant during last three years. The research field "dummy" is not significant (p>0.700) which indicates that there is no significant difference between basic research grants for institutions in different research fields. Institution's research performance is significantly positively related to the basic research grant (p<0.001) and there is a significant interaction effect in natural and related science research field (p<0.05). The estimated elasticity is 85.7%, i.e. if scientific personnel number in FTE increases by 100% the basic research grant will grow by 85.7% in social and human research field, and by 97.8% in natural and related science research field (see Table 3 ). Besides, if institution's research performance value E increases by 1 point basic research grant will grow by 21.6% in social and human and by 16.7% in natural and related science research field. The analysis shows that the model has highest elasticity for scientific personnel of research institutions compared to research quality and therefore it is necessary to increase the share of research quality factor in formula-based approach for basic research grant in the existing research financing model. 
Research institutions' efficiency level of public spending
The Ministry of Education and Science of Latvia has been increasing its attention to the use of the basic research grant efficiently. Therefore, it is necessary to define efficiency of basic research funding and their measurements. According Mandl, Dierx, and Ilzkovitz (2008) "the efficiency concept incorporates the idea of the production possibility frontier", where "the greater the output for a given input or the lower the input for a given output, the more efficient the activity is" (p.3). Efficiency, in the case of research institutions, means that they have achieved the maximum amount of output, namely number of projects, research publications, patents and licenses, master degree and Ph.D. theses per scientific personnel in FTE that is achievable with the given amount of inputs or basic research grant. The Corrected Ordinary Last Square (COLS) is one of the methods to calculate the shape of efficiency frontier. First, it consists of estimating a production function through OLS and then shifting up the intercept parameter by the value of the largest positive residuals which gives the equation for the frontier. In such model all deviations from the frontier are assumed to be the result of technical inefficiency. In this study a standard Cobb-Douglas type background model (1) specifies the production frontier (Cincera, Czarnitzki, & Thorwarth, 2009) , where i indexes research institution and t years of observations. E and BRG are respectively the output and the input. The variable t accounts for the drift of the common production function over time and ε i is a random term accounting for measurement errors and to reflect technical inefficiencies. It is assumed to be normally distributed with zero mean and variance σ². This equation is augmented by a set of research institution dummies (RI) for capturing any time-invariant effect related to each research institution, i.e. research field and scientific personnel number (Conte, Schweizer, Dierx, & Ilzkovitz, 2009) .
(1) Estimated production function through OLS (Table 3) presents the three year estimation results, where basic research grant amount is significantly (p<0.001) positively related to institution's research performance evaluation. The time dummies are jointly significant (p<0.001) which indicates that there is time trend in individual basic research grant between different research institutions despite the fact that total basic research grant is constant during last three years. There is significant difference (p<0.001) among institutions' research performance evaluations. Demonstrates that all research institutions which are under the diagonal are efficient, because their predicted value of the institution research performance evaluation is less than factual. It means that institution has already reached the same quality evaluation with the lower basic research grant in comparison to other institutions. The list of the efficient and relatively inefficient research institutions, depending on institution's science of performance evaluation and year, has been completed for the following evaluation of basic research grant distribution between state research institutions.
Demonstrates the distribution of the efficient and relatively inefficient research institutions is different each year. In 2010 one-third of the total number of research institutions was relatively ineffective and 50% of research institutions had have high level of research performance evaluation, i.e. 10, 11 or 12 points. In the next year 45% of the total number of research institutions was relatively ineffective and 46% of research institutions had a high level of research performance. In contrast, in the third year 53% of total number of research institutions was relatively ineffective and 63% of research institutions had a high level of research performance evaluation.
Consequently, the general level of institutions research activities' quality has increased, but efficiency has decreased. It is explained by the fact, that the total numbers of research projects, publications, patents and licences, master degree and Ph.D. theses have increased, but the output indicators per personnel in FTE have relatively decreased.
Conclusions
The scientific quality of research institutions depends on the basic research grant; however its formula-based model has the highest elasticity for the scientific personnel of research institutions compared to the research quality. As a result, it is necessary to increase the share of research quality factor in existing research financing model. In the past three years the efficiency of research institutions has decreased due the non-sufficient base research grant, as the result research institutions are more interested in the maintaining of the number of scientific personnel rather than bringing scientific quality. The total financing amount of state research institutions does not depend on the research field, despite the different research field coefficients in the model of basic research grant. However, institution research performance is significantly positively related to the basic research grant and there is significant interaction effect in natural and related science research field. In the past three years the overall level of institutions research activities' quality has increased but its efficiency has decreased. It is necessary to change the evaluation of the institutions of research performance and increase the evaluation criteria for the number of research projects, research publications, number of international and Latvian patents and licenses, master degree and Ph.D. theses depending on the institutions' research fields.
